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FLAT_CABLE INTERFACE SPECIFICATION FOR THE SOD-. Oil]), AND COD FAI1ILIES ~ 
1..0 SCOPE w 
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This document dascribas the Interface requirements of the Magnetic 
Peripherals-, Inc. SMD, HMD and OID type disk drives. For " 
specific product characteristics see Table 14 for additional 
product detail reference SHD-, HMD or CHD product specifications. 



rv 
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n- 
2.D APPLICABLE DOCUMENTS ,■;.:'-,> fj 

SPEC bH7M30a - Product Specification Storage Module Drive -CSMDJ ' =~ 
SPEC b»4?Cn?na - Product Specification Mini-Module Drive -CMMDJ w 
SPEC 75833221 - Product Specification Cartridge nodule Drive -CCMD3- -? 

3-D GENERAL DESCRIPTION v'.,-. -«•■,.■£_ 

The Interface for all SMD, HMD and. CM devices use compati- ^ • 5"' 

ble line^ drivers and receivers. All Interface lines carry the •■'* 

same definition and timing conditions where commonality can be ^ 

achieved. Some Interface lines have different timing require- M 

ments because of the basic product characteristics. The foi- 2.- 

lowing Interface signals vary in the different products: " V°~ 

■ ■'. ■ . "■•■. 3. 

*'► TAG 1 £. SEEK ERROR £ 

8- TAG 5 F. ON CYLINDER 

C- INDEX G. SERVO CLOCK - ' I' 3 

D- SECTOR H. SEEK END ■ :.'• * 

I- SERVO OFFSET a. 

J- WRITE PROTECTED 
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MODEL 
TYPE 



9740/42 



9764/66 



9730-12/ 
9730.24 



9730-1 2ft 
Jf730-24t" 



PRODUCT 
TYPE 



sno 



SHD 



HUD 



NO. 
HEADS 



5 DATA 
1 SERVO 



19 DATA 
I SEKVO 



TRANSFER 
RATE 



9.477HIU 



HMD 



9730-80 



9730-80F 



9448-14/32 



9448-48/64 



HMD 



HMD 



3/4 DATA 
I SERVO 



2/4 DATA 

46 FIXED 

I SERVO 



JO DATA 
< SERVO 



CHD 



CHO 



10 DATA 

1 SERVO 
48 OR 96 

rixfo 



9.477HHZ 



9.477MHI 



BYTES/ 
TRACK 



20 I do 



20 160 



20 140 



9.477HHT 



20 ]40 



BYTES/ 

CYLINDER 



100 800 



383 040 



BYTES/ 
SPINDLE 



40 320/ 
80 440 



9.477HIIZ 



x%* MU 



SERVO 



3/4 DATA 
2 SERVO 



9.477NHZ 



9.477HHT 



J.477HIIJ 



20 140 



20 140 



20 140 



20 140 



j/j\ .94 HB fllT OPTION HAS 3 HEADS IN LAST CYLINDER 
^\1.92 H8 FHT OPTION HAS 1 HEAD IN LAST CYLINDER, 



40 320/ 

80 440 ♦ 
FIXED HDS 



lOO 600 



100 BOO 
♦ FIXED 
HDS 



41 428 800/ 
829584 00 

197 429 440> 
315 241 920 



12 902 400/ 
25 804 800 



12 902 400/ 

25 804 800 

PLUS 48 FIXED 

HEADS 



CYLINDER/ 
DEVICE 



411/823 



411/823 



320 



82 958 400 



82 958 400 
PLUS 48 OR 94 
FIXED HEADS 



20 I 40/ 

40 320 



40 480/ 
80 440 



14 289 280/ 
32 578 540 



48 847 840/ 
45 157 120 



320 *12 
FIXED HO 



FIXED 
HEAD 
CAPACITY 



NONE 



FIXED 

MEDIA 

CAPACITY 



NONE 



NONE 



NONE 



9*47 480 



823 



. 823 + 

m 10/20 /& 
FIXED HEADS 



823 



823 



NONE 



NONE 



ALL 



REMOVABLE 
MEDIA 



ALL 



ALL 



NONE 



ALL 



947 480/ 
1 935 340 



NONE 



NONE 



ALL 



ALL 




14H8 



NONE 



NONE 



NONE 



14MB 



32MB 
48MB 



14MB 



|m347d) 



TABLE 1. PRODUCT CHARACTERISTICS 



•B6up M p pi tpafqps sj pu<? uqpeui4Q ( jgiyjBMIWT|Hc) SUje^u 



o 
Ti 
m 

d 
o 

2 



n 



a 



i -n Z 

■ x m 

y m 

o z 



P3 tiuauirpoq s]l)1 



> > m o S 

mm " 

-utr 

•vl 

ru 

Q 

a 



( 

( 



( 
( 



-MAGNETIC PERIPHERALS INC. 



ENGINEERING 
SPECIFICATION 



4.0 ACCESSORIES 



. NOHMANDALS OPERATIONS - 



spec L4?i24oo 

CD 7 
REV 
DATE 
PAGE a 



Accessory items required-, but not furnished with the device are 
shown m the following tables: oevice are 



DESCRIPTION 



"A" Cable {Controller to Device> 



"A" Cable Oevice to Device> 



"B" Cable -CController to Device> 



QUANTITY REQUIRED 



One per Device in start 
one per multi-spindle 
installation in Daisv 
chain y 



NOTE 



PART NO. 



One less than total 
devices in the Daisy 
chain 



2,3 



f I JBtCAA 



ln2ii 77Sb42XX 



Terminator 



One per Device 



One. per Device in stari 
one per multi-spindle 
installation in Daisy 
Chain 



77SL43XX 



Tsamaao 



1. Multiple, number of cables required depends on number of 
units in daisy chain. 

2 " !: a f* two digits- denote length. -CFor cable length see 
Table a.} 

3. In systems using the dual channel operationT twice the 
number of cables and terminators are required. 

The above accessories are required but not included with the units* 
they must be purchased separately. , 



TABLE 2. CABLES AND TERMINATORS 
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CU 
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PART NO. 

TAB 


5 


I 


CABLE 

S 10 


LENGTH 

15 


IN 
20 


FEET 
25 


30 


40 


so 


"A" Cable 
775L.42XX 


DO 


03 


D2 


03 


OH 


OS 


0b 


07 


05 


0T 


"8" Cable 
775L43XX 


na 


ai 


02 


03 


04 


05 


0b 


07 


aa 


u a . 



TABLE 3. 1/0 CABLE LENGTH AND TABS 



n 

3- 
0/ 
3 
U3 
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DISK PACK 
DESCRIPTION 



Data Packs 



CE Alignment 
Packs 



NOTE 



NOTES? 



T7b0 



1371, 
P/N 7043 e 15ai 



5 7b- 51 
P/N 7043*5001 



PRODUCT DESIGNATION 



■?7fa2 



=1877 

P/N ?043aooi 



877-51 
P/N 70438700 



e i7b4/bb 



^aas-^i 

P/N 70430514 



aa3-si 

P/N 70430003 



^448 



1204 
P/N 7b204Q00 



TO 8E SUPPLIED 
P/N 7b20440Q 






1- tfuantity as required for regional maintenance. 

2- At least one per spindle. 
3. MOD type product is provided with non-removeabla media. 

TABLE 4. DISK PACKS -CSHD/CnD> " '/^ 



w 

<=* 
a 
n 

c 

3 
(O 
3 
rr 

- rv 

o 

■ »— 

•3 

(A 

■a 

T 



( 
( 



< 

( 





NOTE 


PART NO. 


T8304B Field Exerciser 


1-.2-.3 


7744^301 


TB304C Field Exerciser 


1-.3 


7?44 c ?302 


TB304_Fiuld Exerciser 


1-.2-.4 


TO BE 
SUPPLIED 


Head Alignment Kit 


1 


77440500 ( 



NOTES: 1. Quantity as required for regional maintenance. 
2. Includes head alignment capability. 
3~ Operates SJIDt fWD but not CHD. 
4. Operates SIlDn HMD and CMD. 

TABLE 5. MAINTENANCE EQUIPMENT 



Logic Plug 



Single to Dual Chan- -CT?b4/bb> 
nel Conversion Kit WbD/LSJ 



tfUANTITV REflUISgl) 



One per drive 



One per drive 



Single to Dual Channel 
.Conversion Kit tins 



One per drive 



NOTr P&ffT MO. 



143724XX 



47205400 
47205000 



To Be 
Supplied 



3 



o 
-J 

3 
<b 



Ox 

3 



sr 
cr 

n 

rr 



n 

3" 
Q» 

3 

10 



NOTE: 1. Last tuo digits denote lens tab-i one set -CO through 1S> 
is provided with each SHD and CMD. ntlD logic number se- 
lection is done by switch in logic chassis. 
2. Dual channel not available in COD. 



TABLE b. MISCELLANEOUS HARDWARE 
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5.1 Interface Definition 
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Jard"l" d cahl?^ C Ju le - I/0 i !. UI pi ? ' "nfiguraticn, the Stan- n 

aara b cable isr 2b pin configuration. ; c 



o 
rv 



iihi"?!? t . and °^? ut signals are digital, utilizing industry' "^.2 



stanrf»Erf\^.«r;* ^gnaxs are digital, utilizing industry 
h-SnJlS t ^ 3nsai ! :ts r s 3nd receivers to provide a terminated, 
balanced, transmission system for long distances and/or noisv 
electrical environment. *,. 



rr 

n 

O 

3 

Of 



VllZ A^ uf a twisted-pair, flat cable. The -B~ cable is a ' = 

nltr L IJ; t " Cabla - WX ? h 9PQU ^ d plan8 and drain «*™- Twisted" W 
pair and/or ground plane shielding is utilized to minimize cross- ? 

«^? d - red i! C8 lnduc ^ ive "upling due to discharges" as lull as * 
control impedance, variations regardless of cable lay. .>- ,-X 

'•"'•■ -;: r> --;3 

S-l.l Terminated, Balanced Transmission System ~ r L '^; 

I^d n |?in| a n S and - Pe ? ei i! erS 0f the ind "Stry standard type's 7S110A 
( ' TnL/l t or . e£ iy ivalsn t sre used ta provide a. terminated, bal- 

\ anced transmission system -Csee Figure 1>. ' . . -, ; 



,."3 
Q> 
T 

M 

3 



S.l. a Line Transmitter Characteristics * 



rr 



3 



The device controller line transmitters -CFigure 2> shall be ' "' '*'•"' "'■ ? 
compatible with the riPI line receiver described in S.l.L - 

1. Output Signal Levels 

Control Signals - See Figure 2 w- 

Data Signals - See Figure 1. 

2. Output Line Polarity 



w 

c 
cr 

m 
rr 



Control Signals - The nPX transmitter -CFigure 2> shall be 

connected to the I/O line such that the output, labeled Z, ff 
shall correspond with the low order pin number of the Din 

fv^frf fc f nd X " turn connect to receiver pin labeled 8, ^ 

except for the unit selected line which is connected in 3 

the opposite mann&r. »o 

ID 



( 
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S.1.3 Input Amplifier {Receiver! Characteristics 

T ^L 1> !u iC M a x 2 tr0ll ? r input amplifier {Figure 3} is compatible 
with the flPI transmitter described in S.1.2. «mpacioj.e 

1. Receiver Propagation Delay £ 

The receiver propagation delay shall typically be 1? ns in 
o th f%h d r?^^l°O f . tha l09iCal > a " d 1? " S in lh * faction" . 



w 



a 



3 
3 



O 

3 



( 



2. Receiver Input Polarity -'v'ST 

Control Signals - The input {labeled »8"> of the receiver "— ^''« 
{Figure 3> is connected to the lowest numbered pin of the ""^ 
- pi?| r iabeled Z? *"* in turn connscted to the transmitter 1 
■ ■- - '*•■'..''' ■'- *■**■ 

Data Signals - See Figure 1. ~. 

S.1.1 Terminator ■,-'.'■ ' t 

. I- "A 1 * Cable ' : - >£ 

A terminator resistance as shown in Figures 2 and 3 is '"'''■'"•. •'■■-'■ 2 
required at the transmitter and receiver end of each trans- * 
mission line of the -A- cable. This resistance is provided 2 
on the unit by the terminator assembly which must be ordered 5- 
separately* 



C!- 



A termination resistance is required at- the controller end °- 

of eactv line of the "A" cable except for the Open Cable Detect ~ 

lme. See Paragraph S.2.2-7. No termination resistance is M 
used on the Power Sequence lines in the "A" cable- 



"B" Cable 



w 

c 
or 

ca- 
rt 



i 



A termination resistance as shown in Figure 1 is required 

at the receiver end of each transmission line of the W B" a 

cable. This -resistance is provided at the unit's receiver 

logic card. v= r ^ 

Qi 

5.1. S I/O Cables {See Figures ISA-. ISBt ISCt 1SD and lfe> . '■ ' « 

5-1.5.1 n A n Cable 

rrcn description nPi p/n bers p/n p/n spectra- strip 

Connector {fad Pos> "JHSblllS fe;iim3-aD7 

Contacti Insert ^HSLOS HaQHSt 

Flat Cable {twisted- 
pairs 3D pair, 25 AUG 1SUm*\U2 3CT-ta2£-7B-0S-lDn 
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5.1.5.2 "A" Cable Mating Receptacle on Unit or Controller 



ITEft DESCRIPTION 

l.a bO pin, right angle 

header 
l.b bO pin, vertical 

header 



HPI P/N 

"NSb^aoH 



AHP p/n 
3-ab4? s i-4 



e m3aS12T 3-37227-0 



5.1.5.3 "B" Cable 

DESCRIPTION 



ITEK 

l.a 

-b 

2. 



Connector -C2b pas. J 
Connector Pull Tab 
Flat Cable -C2b pos.> 
with ground plane and 
drain wire. 



WPI P/N 

b5a53402 

•52004301 
*?5D2asm 



AMP P/N 

33^-3000 

34^0-2 

347b-2b 



S. 1.5.4 "8" Cable Hating Receptacle on Unit or Controller 



TTZrt DESCRIPTION 

l.a 2b pin-, right angle 

header 
l.b 2b pin, vertical 

header 



riPI P/N 

t i43b^aa2 



AtlP P/N 

i-ab47 e i-a 



•5433510b 1-37227-3 



a 
n 

c 

3 
(0 

3 
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Q» 
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■a 
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S.l.b I/O Cable -Characteristics 

•'A*'- Cable -■ ; --:"\ \'. : :-['y : -\ 

Type: 30 twisted pair,' flat-cable 
, Twists per inch: 2 
Impedance: 100 ±10 ohms 
Iiiire size: 25 AUG, 7 strands 
Propagation time: l.b ta 1.3 ns/ft 
Maximum cable length: 100 ft cumulative 
Voltage Rating: 300 V rms 

"B w Cable -Cwith ground plane? 

Type: 2b conductor, flat cable with ground plane and drain wire 

Impedance: 130 ±15 ohms Ol P/N 347b-2b> 

Uxre size: No. 2a AUG, 7 strands 

Propagation velocity: l.bS ns/ft -Cnominal> 

Maximum cable length: 5D ft 

Voltage Rating: 300 V rms 
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5.2 Signal Lines 

5.2.1 Address and Control Tag Functions {received by the unit} 

Address and control functions are transferred on 10 lines. The 
significance of the information on these lines is indicated bv 
one of three tag lines -Csee Figures H-, SA, SB and t>. 

S.2. 1.1 Cylinder Address -CTag 1> 

A. SHD and nm> Roving Head 
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. ..: Ten bus lines CTag 1} sr& used to carry the cylinder address 
to the device- Since the device is a direct addressing 

device-, the Controller need only place the new address on - a 

the lines and strobe the lines with Tag 1 -Csee Fiaure 7A}. "* 

The unit must be an Cylinder before Tag 1 is sent! The bus '" 

lines should be stable throughout the tag time. » 

. 8. CHD - ■:■'•■'■ :V : '■'-' 3* 

'•■■■:■■[■■■.■ ■■■■". •..'.:/' i'i. ~* 

With, the Cm-, Tag 2 must preceed Tag 1 when a >%'■?- 

( ... vslume change is made, that is, switching from fixed media " 3 

\ to removable or removable to fixed. The correct servo head Sq- 

uill be enabled at the trailing edge of Tag 1 -Csee Figure 7B>. f 

C ftnu Fixed Head Tag and Bus :'\- 2- 

Transfer of cylinder and head address information is con- ' ; ''^" ;; -- x 
trolled by the same timing requirements as the moving head 5f 
-sequence which is defined "in Figure ?A. 8ecause no posi- "a. 
tioner move is involved and it would be expected that a head — 
select would immediately follow a cylinder select, the mini- w 
mum Tag/Bus timing is as shown in Figure 7C w 

. c 



The fixed heads may be used to either read or write data 

while the moveable head positioner is in motion. The 1 

normal sequence of events would occur in the following 

orders 3 



m 
n 



rr 
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The controller issues a cylinder select with the =»* 

desired moveable head cylinder location on the buss- 3 
"On Cylinder" and "Seek End" will, drop- « 

The controller accesses the desired fixed head loca- 
tion with the appropriate cylinder select and head 
select signals. 
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Conforming to the specified times for head select to '—■•-'-, 

read or write-i the controller can read or write on the 2 

fixed head memory. The absence of "On Cylinder" and — w 

"Seek End" will not cause a "fault" in the unit when « 

reading or writing on the fixed head shoe. • ~° 



At the completion of the seek by the moveable head 
positioner-, "On Cylinder" and "Seek End" will become ' • 2 
true. 



3 



- o 

-"3 



5- tilhen the read or write operation is complete on the 

fixed headi the controller may readdress the moveable S£ 

heads by sending the appropriate cylinder select -Czero '" = 

track seek> and head select signals. The cylinder . M 

select command is required in order to clear the fixed ? 

head mode. _ • o 
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5.2.1.2 Head Select {Tag 2> 



SHD - This signal is the head address that will be selected by bits 
presenton the bus lines when Tag 2 is true. The Logical/Physical 
Addressing relationship for the SilD is in Table 7 summarized below: 



REDIA DATA 



Data Surfaces/Device 
Moveable Heads/Surface 
Fixed Heads/Device 
floveable Cylinders/Device 
Fixed Cylinders/Device 
floveable Heads/Logical Cylinder 
Fixed Heads/Logical Cylinder 
Moveable Cylinder Addresses 
Fixed Cylinder Addresses 



so© 


sod 


MQ/flD/HB 


ISO/BOO fIB 


■■ : S 


IT 


I 


1 





Q 


111/323 


411/323 


a 
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n 


Q 


a 


Q-m0/Q-fi22 


0-H10/0-a22 



TABLE 7 



LOGICAL/PHYSICAL ADDRESSING SJ1D 



M368A 



HOD - This signal is the head address that will be selected by 
bits present as the bus lines when Tag 2 is true. - V 

Uith the fixed head option incorporated in the IWDi the Ifl/lt 

cvlinSfi</ iX ?2- hea ^ ars . add ^ssed by the controller as logical 

rniin^; T ^f addressi "9 scheme allows maximum interfacl 

u??h ?£i Sn W J th .r he m0vin9 head s *°ra 9 e of the. HUD and also 

for tJpL hI t? 11 ?' ThS ^Sical/physicaL addressing relationship- 

for these devices is summarized in Table & below: P 
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MEDIA DATA 


HMO 
12 H8 


HMD 
24 N8 


HMD 
80 M8 




OATA SURFACES/DEVICE 
MOVEABLE HEADS/SURFACE 
FIXED HEAOS/OEVICE 
M0VEA3LE CYLINOERS/DEVICE 
FIXED CYLINOERS/OEVICE 
K0VEA8LE HEADS/LOGICAL CYLINDER 
FIXED HEADS/LOGICAL CYLINDER 
M0VEA8LE CYLINDER ADORESSES 
FIXED CYUNOER A00RE5SES 


1 
2 

48 
320 
12 - 
2 
4 
0-319 
896/907 


2 

2 
43 
320 
12 
4 - 
4 
0-319 
896/907 


5 

2 
48/96 
823 
10/20 

' s A A 

0-822 
896/905/915 




ZL\ •»« »« "XEO HEAD OPTION HAS 3 ADDRESSABLE HEADS IN OLINOER 905. 
£^1.92 H8 FIXED HEAD OPTION HAS 1 ADDRESSABLE HEADS IN CYLINDER 915. 
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CftD - In the CHD this tag transmits head and volume 
address bits on the bus lines to the device -[Figure SB*. This 
command must be followed by a valid seek command-. {Tag 1> if 
the selected volume is different than the previously selected 
volume-, since a volume change is not executed until the next 
valid cylinder address code* see table*. 



5*-* 


2 2 


2 1 


2° 


BUS BITS 
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HD No. REI1 
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HD No. 1 FXD 
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Q 


1 
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HD No. 5 FXD 


1 





CI 
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HD No. n FX!> 


1 
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HD No. 3 FXD 


1 
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a 


HD No. 4 FXD 



TAG 2 BUS DECODE FOR COD 



* Thisbit is volume address which is stored in a bistable 
within the T+Hfi drive. The stored volume address and 
"TAG 1" result in a volume select if the cylinder address 
is valid. 

The Logical/Physical Addressing relationship for the COD 
is. summarized below: 



v> 

o 
n 

C- 
■ 3' 
ID 
3 
rf 

n 
o 

3 



- 3 
w 

1 
ID 



. 3 



© 

T 
3 
cu 

CT- 
O 

3 ■. 

Oi 

3 
Q. 



ROIA DATA 
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Data Surfacas/Davica 
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Rovaabla Haads/Surfaca 
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i. 










Fixad Heads/Davica 
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novaabla Cylinders/Savica 


as3 
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Fixad Cylinders/Davica 
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novaabla Heads/Logical Cylindar 


1 i 
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Fixad Haads/Logical Cylindar 
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Hovaabla Cylindar Addrassas 
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S.2.1.3 Control Select -CTag 3> 




"^o^ere^?* a " S " abl » «- -t be true for t „ a antira 



1- Write Gate -CBit 0> 



T 
W 

O ' 

c 



ments. 3 5B f <»- Epical Write Gate Timing rf 5„ffJ- SM "' 



£• Read Gate -CBit I> 



o 

3 

a» 



31 



( 



Enabling of the Read r a <-» j-e- 

-«. on. the tran^isUTlineT "%£ fV" •"■«« digital" ^? 
Gate trigg ers the read chain to J^h^ 1 " 3 ed 9 s of « rea C 

pattern. <See Figures flA SdM^tSlSi^iS ?" 2Sro * - 

ror typical Read Gate Timing.> £ 

Servo Offset Plus -CBit 2> , ' * : . * 

SUD/CMD - uhen this «n*„«„i • 

the nominal On Cylinder nLlt^V ths ac tuator is offset f r Qm "* "' 
Figure 7A/7B for timi«« ? m5 10 " towar ds the spindle ?rL M 

delay i3 required bSS?^' RS"^ !!^ 9 - 0ff »* "w, a ?L : - 

r: rr::i,-" : ; "*■ --•-"•-iU. 

y «ee rigure ?A for timing.! 



4V 



orfset is cleared or Urite GatS is dropped 9 ° IS& When 
Servo Offset Minus -CBit 3> 
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heads i^perJjr.nld^fthe Srive "° m"^" 1 »°v e » B „t of the 
offset « ei aarad or Urlte ^r ia F ^ p «« S= false uhen 
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S. Fault Clear -CBit 4> 

A pulse, 100 ns minimum, sent to the Device will clear the ■■"'-£ 
fault flip-flop if the fault condition no longer exists. 



b- All Enable -CBit S> -CSee Note> 



?^^C e ^ s H " a, : k is . not us eaS Bit 5 must be held to. 3 
logical during Control Select functions. 



RTZ -CBit b> 



Uhen this line is true-, the Device PLO Data Separator will 
strobe thedata at a time earlier than nominal. Normal 
strobe timing will be returned when the line is false. 
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01 
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-C 
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3 



The AM -CAddress ftark> Enable line-, in conjunction wi th 

^*L Gate S r Read Sate "' allows the writing or recovering " - 
of Address Ilarks {Figure 8A>. Uhen Afl Enable is "ulihile 
Write Sate is true, the writer stops toggling and erLes the 
^ta r creating an Address Mark. Write rlult defection in 
the unit is inhibited during writing of an Address Hark! 

H2?J,£!! I™* 1 * I s tr , US while Read 6ate is true, an analog : -S ; I 
+Z± a S * comparator detects the absence of read signal. If : ^:- 

ISdrf^^fC P f ^ ? r3S ? d area is neater than lb bits, an '?*■? T 
Address nark Found signal will be issued. . , . •,-;. -;y,J 

NOTE: If Address Mark is nnt- „«,*. o.-*. c ^ u. ,_,', . : T 
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A pulse, 2S0 ns minimum, 1.0 ms maximum, sent to the device *' * 
will cause the actuator to seek track 0, reset the Head ---AS 
Register, select the cartridge volume -CCflD only>, and ' ' ^v? 
clear the Seek Zrror flip flop. ... . ; " 



Oj- 

3 



This seek is significantly longer than a normal seek to '" °- 

track 0, and should only be used for recalibration, not data - 

acquisition. uaua w 

a. Data Strobe Early -CBit 7> J, §- 



n 



rr- 
O 



.1. Data Strobe Late -CBit fi> £ 

When this line is true, the Device PLO Data Separator will •'' « 
strobe the data at a time later than nominal. Normal strobe ? 
timing will be returned when the line is false. 

NOTE: The Data Strobe signals are intended to be an aid in 
recovering marginal data. The data strobe position 
returns to nominal when the respective signals ao 
false. 3 
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10. Release -CBit «i> Uual Channel 0nly> 



( 



pSSJiSI Swi l I* WU1 rsleasa Channel Reserve and Channel 
Priority Select Reserve in the device, makina altom»?« 

T?ISS%-fI J fc x desired to function with "Reserved 
thrd^sl eltTon o'f^hTde" LV^? f ? " ^o-in.l^fSlSSlng 
is desired, the ?W .2^ «.£..V It^^X^^! 
resistor and capacitor to obtain delays from SQQ ns tf in 
seconds. Enabling Release will always clear Reserve and 

liSch ?n tS'iJfj R w Ser ? S TimSr lS enabled by meanfof a 

eaicp£ JJL 5 *° 91 f chassis * Inhibiting the Reserve Timer 

■ 'imJ!3 the device tostay Reserved until specifically re- " 

ialefy Jo LSc^n ^h^ 3 "" 61 : A Unit ^ ^served'immed- 
Inn tX ££??„• tl ? n ' 1 but mav be Pleased any time after 

i C ri S ? 1SC f i0n ' By meaf,s of a s ^tch in the -■;: 
S«5 Sl Xt ^ s also P^sible to absolutely reserve a " 
device to one or the other channels. reserve a 

S.2.m Unit Select ■• ''. ■■' \~ 

■Priority Select -CBit «& Oual Channel Only* ,': : \v ; C-' 

exist on the opposite channel. Once the Priority Select function 
£ ^ e !3 perTOr !! ed the respective channel has exclusive access 
a %S!J r T" J hS P p P° sita ^annel can gain access only aflfr 
Isel II a i f SSi° n ?n S S?"? P erfo ™? d °" the selected cLnnel 
• «?LJ w ' For timing see Figure 1. Following a oricritv 
D S ° n ° ne channel all interface signals are inhibition" Se* 
opposite channel including "Unit Selected" and Busy". , 



5.2. H Individual Lines 
1. Sector nark 

a- snu/nni) 



( 



in?eg?uris a mai^L der H iV ;H d fp ? the S6rv0 track - " Ti-ing 
Fim,Sr inx ™ ainta i ned throughout seek operations {see 

*..??! ?' T £ e number °f sectors per revolution is 

lector ZllSl abl ? h and ff ^termined by counting dibits/ 

tho ?«„fi u - The swit «=hes are located on a card within 

tf H,-Sfi C / Cha f S1S *, Each suit ' h ^presents a fixed number 
of dibits/sector clocks when closed. 
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Switch: 

No. of dibits/ 

sector clocks: 




1 



1 
2 



2 
4 



3 



4 
lb 



S 
32 



b 
b4 



7 

12a 



a 

25b 



512 



ia 

1024 



11 
204a 



To calculate the proper switch positions for the number of sectors 
desired, use the following formula: 

Dibits or Sector C locks/Revolution _, Dibit or Sector Clock 

Count/Sector 



No. Sectors 
Example for a sectors: 



13 440 
& 



= ibao 



close switch 10 = 1024 

T » 512 

7 = 12a 

3 = a 

2 = 4 
1=2 

One dibit or sector = 1 

clock for Sri Counter Reset 1 



( 



TbaQ dibits or sector clocks/sector 

Each dibit or sector clock -C30b kHz clock> is equivalent to 12 
data bits. 



B. CRD 



The sector p 
integrity is 
out seek ope 
There ar^ b3 
Figure 17>. 
this divides 
Other sector 
switches who 
sectors desi 



ulse is derived from 
retained when Ready 

rations in which no 
sector pulses avail 
When combined with 
the tracks into b4 
counts are availabl 

se binary weight ind 

red. 



the servo track. Timing 
is active, and through- 
volume change is effected, 
able per revolution -Csee 
index in the controller, 
even length sectors, 
e by changing the sector 
icatas the number of 



upon receiving 



( 



NOTE: The sector pulses uin.be inhibited ^„ 

the Cylinder Tag associated with a volume chance 
until the detection of the first index of the new 
volume -Csee Figure 17>. 

NOTE: Not all sector counts ars even length. For example-, 
a 50 sector option would allow 50 even length 
sectors with an odd length sector at the end. The 
- following even length sector counts are available: 
«U 5, b, 7, 3, 10, 12, 14, 15, lb, 20, 21, 24, 2a, 
30, 32, 35, 40, 42, 43, 5b-, bO, b4, 70, 50, 34, 
nb* 105, 112, 120, and 12a. 
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2- Fault 



When this line i«! *»...= . * 

The following types S'fMS" C0 P diti °" exists in the device 
E 2 0l J?f Fa «lt?"ead sSilJ ^ e J!f;«;d by the Sevice:^ 
Read while Off Cylinder, and Urite Ca^H? ^ Ultl Urita °r 
txon. A fault condition will iimlwffJ 8 , during a Read opera- 
to prevent data destruction. 11 The Jc &fc. lnh i bit the » rit *r 
a below normal voltage from thl n«,*V olta Se Fault indicates 
supplies. The Head Select F^ P ? S ^ 1V8 or "egative power 
head is selected? The Srite FauiJ^'Sf tS f that mo ™ than one 
sence of> writa currenS'or^th^aosence^of wri^ta?** SbJ 

jS"?^ gl.^ or Fault Clear on 

providing the fault no longer SistS"^", ?• Fault ca ' d 
in individual flip fi 0DS as 9 * ® ^ lsts>! Faults are also stored 
cleared only by powerinq down m * ln n tsna ™* aid, and may be 
by me ans of\ h l S M i?5 on ?he faullT^ / C ^ ari " 3 the fault 
tenance aid has no effect onunit'o'plra^ony" 6 St ° rad nain " 

NOT.: cn| c - For fault sugary, see paragraph 7.2 in Product 
v 3. Seek Error 
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When this line is true, a Seek pv™ u 

may only be cleared bv oarfnlv has turned. 1IIB errar 

that the unit was unable to CD l^ f n RTZ ' This signal indicates § 

m»j or that the carriage h a » S^V m ° ve withi " SD ° ■«" l«S Dt I 

recording field or received !„ T? d *? a P° sit "" outside t h2 * 

Return-to-Zero s e «fc rSi* 2 a ? illegal track address. A a 

ESS S%^1%S- — - 2i^^ y 3S«- - 

movement i s inhibited £ > S2 tS*Vl2^ d * h9 *&*»» 

M PT ^ ^m ^ 3 

beyand the <-™ «- EJSiKS.^ 

tree" aSVfli 1 - jSi 1 ,*"* « *.* Error for an m , 

=r uSE'rfS" 7°* dSCOda « ^"Error in a Cnit1 0V ?,r° r "»"S-». 
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( 



( 



CUD - If an address greater 



: v -y iXnaep select Tag. Carriage movement is inhibited. 



M 



H. On Cylinder ° 

c 



3 



This status indicates the servo has positioned the heads | 

over a track. The status is cleared with any seek instruc- 
tion causing carriage movement. ■» or a 2ero = tracis see*. -A. 
carriage offset will result in loss of On Cylinder for a g 

period of 2.7S ms {nominal} for all devices. a 

'..-:■;. Ol 

SUD - For a zero track seeks On Cylinder drops for HO u-s 3* 

{nominal* -Csee Figure 7A for timing}. w 

•a 
i1F!D '-—'For a zero track seeks On Cylinder drops for 30 u-s ■'•■'» 
{nominal}. For a seek to fixed head cylinderss On Cylinder ■ '»— 

drops for 5 us maximum -Csee Figures 7A and 7C for Timing}. 3 

.' »— 
■ -.■■. 3 
CflD - For a zero track seek on the same volumes On <J» 

Cylinder drops for ISO u.s maximum. For a zero track seek ^ *c 
with a volume changes On Cylinder drop for 4 ms maximum . . w 

■Csee Figure 78 for Timing}. ..... =* 



5. Index 



o 

"7 

3 



This signal occurs once per revolution-t and its leading 

edge is considered the leading edge of the Sector Zeros ° 

typically 2.S u-s -Csee Figure 10}. Timing integrity is 

retained throughout seek operations for all devices. 



3 



I/) 



cr 



CttD - Index will become invalid when a volume change is 
made. Index will remain invalid until the new servo head is 

selected and Index is properly decoded on the new volume. w 

Index signal to the controller is gated off during a volume cr 

change. If volume switch occurs within an Index Times the £* 

pulse will not be gated offs it will be allowed its full time n 

out. Upon changing volumes the first index from the newly " 

addressed volume may occur in an interval of from 2S0 u-s to JT 
17.3 ms after the volume change is initiated. 

3- 

Unit Ready § 

When truei and the device is salecteds this line indicates ? 
that the device is up to speed. The heads arepositioned 
over the recording trackss and no fault condition exists 
within the. device. 
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7. Open Cable Detector 

The open cable detect circuit -Csee Figure 3} disables the J7 
interface in the event that the "A" interf ace cabla U 5?« 
connected or controller power is lost? l * XS dlS " t 

,- ■■ ■— ■- v v.. a 

It is recommended that the controller circuitry have suffi- 3 

txons.soMtwM aid this p«quiri..nt. If 7S110A trans- ° 

at the controller end. 
S- Unit Select Tag 

IJJL^S Sates the desired logic number into the logic 
K SSfS-f^Si!-,.!!!?^ 1 * uil * ^.selected internal: 
timing se< 
triggered. 



( 



"° S.'^:^™ r-^-c. t^rounl shcu^M^slr 2. 

- . TX 

: id 



number compare circuit. The unit will be selected intirnallv * 
t?2t»2 «f X ^ Um> a (J" p lsadi "S edge of this signal. For * 2 
tKcSIred X9Ure U ' N ° te that this 'un«ion oust be edge ' ^ 



These four lines are binary coded to select the locrcal 
number of of lb devices. The unit number S though IS* 
is selectable by means of switches located on a card in the 



10. Address Mark Found 



Address nark Foundis a pulse which is sent to the controller 

2 fES? ^" 9 ^ t ir-'° f 3t 1S3St lb missin 9 transitions and 
cne first zero of the zeros pattern. 



3- 
O" 



In Dual-Channel units, Unit Select Tag also forces the da vice 
to be reserved to that channel, providing selection occurs 

thf riot-IoS 7 r C P° wer 7 d °w"/P0wsr-up. If Bus Bit 1 and 
Priori Sii?? XC .7? B £ ,r is P resa "t with Unit Select Tag, a 
Priority Select will be performed, rzfer to paragraph S?a. 1.4 5 

leadinn phL U ■5 > „ S !i 8 S t ? d inta ™ a ^ MO ns {maximum* ffter S. 

if hSh J?! °f, Unlt Sel£Ct Tas * For timin 3 s ^ Figure -llV 
5ill°£ grante^^rforlSy?^ ^"^ » i "«".n.ou5ly, Ihannel A . - 

1. Unit Select C2°, 2 1 ,. a 2 and *h ".■.£ 



o 

3V 
& 






n 

3* 
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The controller must drop the Address nark Enable line {Bit S> -» 

upon receiving Address nark Found UYIF7 and valid data will 2- 

be presented on the I/O lines following the AOF pulse? Soon " 

sensing the dropping of Address Hark Enable line? th! AddKSs « 

Figure ^! P U be r9Set Uithin fl " Q ^ s ^ximum%see J 

;■', a 

NOTE! Under certain rnnrfi *••? «„«. ^ +. j_ .•!_-,_ fc , , .. ._:._' 3 



S« U i^ 1SSU8 a u alse Addras s "ark Found signal during 

an address mark search operation. This would occur o 

if a media flaw existed which simulated the electrical 5 



It is recommended provisions be made in system hard- 
wape °r T ?° ftw f re t0 a ^°« recovery from,, or avoid the 
possibility of detecting false AI1F signals. 

11. Unit Selected 



12. Write Protected 



( 



characteristics of an address mark -Cat least "It mis- » 
sing transitions followed by a zero> 



3 
w 

TO 
T 
fO 



3" 

m 



Sno^n? tWl^ 1 '" b ^ lines «»Pare with the set- 
tings of the unit Select switches in the logic chassis, and 

( •• : SnK SfdSS 1 ??"-? 8 ° f Unit S ^<=t tag is received, Jhe g 

Unit Selected line becomes true and is transmitted to the ^ 
controller on the »B- cable -Csee Figure 11}. Multiple Unit '-' ° 

Selected responses on a daisy-chain^ystem indicate dupli- | 

cate switch settings have been used. P % 



o. 

ar- 






Enabling the Urite Protect function inhibits the writer ' : 'aL 
under all conditions, illuminates a LED located on logic 
cards in MHD and on the operator oanel in SJ1D and OID, and 

sends a Write Protected signal to the controller. ' Attempt- « 

ing t 0# write while protected will cause a fault to be issued. 5 

The Write Protect function is enabled by a switch located on * 

a card in the logic chassis on the f1M> and by a switch or n 

switches on the operator panel on the SJ1D and CM>. «" 

£?L°" ly "• yhen tnis line is true "« ifc indicates that the ° 
*«*!„if w^ta Protected. This signal will occur during main- " 
tenance when Head Alignment is being performed, during fault * 
conditions that inhibit the writer, or when write protection J? 
is desired on the ^MMfl by depressing either of the PROTECT 
switches. If Unite Gate becomes true when the drive is write 
protected on the selected volume, then the Fault Line will 
become true. The write protected condition can be cleared 
by depressing the appropriate PROTECT switch or by clearinq 
the causing condition as appropriate. 



in 



cr 



3- 



ID 
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13. Seek End 



Seek End is the combination of ON CYLINDER or SEEK ERROR 
indicating that a seek operation has terminated. 



( 



■y 
w 

o 
n 

c 



n 
■' e 

End • . • ■ 3 



SAD- For a zero track seek, Seek End drops for 30 us £ 

nominal -Csee Figure 7A for Timing} . % 

HMD - For a zero track seek-, Seek End drops for 30 us 
nominal. For a seek to fixed head cylinders-, Seek Enu 
drops for S us maximum -Csee Figures- 7A and 7C for Timing}. 

■■" ►*- 

CHD - For a zero track seek on the same volume, Seek 5 

End drops for ISO us nominal. For a zero track seek with -o 

a volume change, Seek End drops for 4 ms maximum -Csee Figure 2 

7B for Timing}. If a cylinder address greater than 322 has 5- 

been selected {illegal cylinder address}, Seek End will go a 

false for approximately ISO us. . -; '5. 

In Dual Channel Drives the Seek End Signal sent to the ' : 5 
unselected channel will normally be a constant one. However, 

/ - x [ uhile the Drive is selected on a channel, and the apposite 3 

^ channel receives a selects this action will be noted by = 7T 

circuitry within the Drive. Then, when the selected channels ° 

Select and Reserve Latches are cleared, the Seek End signal I. 

sent to the waiting channel will go to a zero for 30 us. . £T 



a 

3 



14. Power Sequencing -Csee Figures 12A, 12B, 12C arid 12D} ^/ -3 

^«!~ S ! quencin3 requires ac power on, START switch on, and 
p!" I STAR J. suitc, ?_5f u itch selectable indevice} in the 

tck and Hold line 
power up. Once °* 



a. 

w 

Remote position. Applying ground to the"pick*and Hold 'lines " 

will causa the first device in sequence to power up. Once °" 

this device is up to speed, the Pick signal is transferred * 

to the next active device and repeated until all active 1 



devices are powered up. Individual devices may be started 
and stopped once power sequencing is completed. 

A power failure necessitates a new power up sequence. =r 

JJhen in Local Start mode, each device is independently opera- 
ted by its respective START switch. ■ 

In the Remote node, a Pick or Hold is considered to be pre- 
sent from the Controller when a ground is present on "A" 
cable Pin 2T for Pick and Pin 5=5 for Hold. 
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ILlJ ?Sil i " alr eady reserved and/or selected, a Busy 
'5?7 io J l i 2 " S ^ d t0 the " A " cabla a "d ""it selected - « 

Si «?«j; Ut i.? n J h? " B T " fale to the cha ™el attempting S 

S 4?! ; ?5JV This busy signal will be issued from the device § 

IUHU 1 « n ? a f tc "- "thin bDO ns following the selection S 

attempt, and will remain at this status until Unit Select 2- 

tag is dropped or the unit is no longer busy. Unit Selected 
S°fo" ?Ling?. t0 enableS ^ in the\ontro^ler U ^ S ?i^ d 



MOTE": The CT1D has no Dual Channel option. 
S.S.3 Data and Clock Lines {Figure 13} 



n 
o 

a 

er 



3 



.-■...: .. '■.■'. ■'■" 1 

1- Urite Data '•:,,.-;-. 2l 



This line carries data which is to be recorded on the disk 



( 



pack 
S. Servo Clock 



•3 
cu. 



The servo clock is a phase-locked =5.1,7? MHz clock ' oMiiraM.^'-^ ° 

*nu and otD. This phase-locked clock {Figure 13} is 

used to generate write data. Servo clock^s available at ' 

Clock IfreohLlf It with , Unit 5 elac «' ^r CM, serJo § 
Clock is rephased at a volume change {see Figure 17}. 

3. Read Data : a. 



a- . 



'211 Msurflirdafaf 9 ™°™™* ««»*• m th. NRZ for. 



w 



W 

C 

- . ■ ■* .' ■■■■-.■. cr 

H. Read Clock ',-..'£- 

'.'■■'■ n 

The Read Clock defines the beginning of a data cell. Tt i, 

S- X dS:2;"y d ? riv - d clo 5 k **9n«rt Int iJ synchronous Sth ° 
the detected data as specified in Figure 13. This sional is 

S2~Sd d 6 S2! inuously '. and is in phass -vncwuhf T^ s I 

S. Urite Clock . T 

This line transmits the Urite Clock signal which must be 
?Xo C f,^= 2 ? d *S * he " RZ data as illustrated in Figure 13, 

# 2!«!S a ^ l0Ck 1S - ths Servo Cloc < retransmitted to the 

| device during a write operation. The Urite Clock need not 

* lL^ a 2?? itted 5°"tinuously, but must be transmitted at 

least 250 ns prior to Write Enable. 
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5.3 



Data Format and Data Control Timing 



The Record Format on the disk i * ,.„w 5 

The index and- sector pulses aVe avail^T 01 ° f * he «"troll. r . M 
ler to indicate the beqinnina of * J , * for use bv ths control- « 
formats for fixed and JariaSle seltor'd^r SeCt0r * Rested S 
Figures 14A and JifB. sector data records are shown in I 



t> 



3 
W 



Some hardware-oriented <-!-.««•+.«., i- *. 

doci«-i~a - " nA f ni - ea constraints must h» >«scofl«i^ • 

u — - a .,i,,g a format. .The fon«i.i4„„ ,• ,T • ec ° an x zed wnen 

parameters: following is a list of those format 

1- Read Initialization Time : S 

Between the deselect-in*, „* L 

another head'fhere is a 5 o^S*? and - the sele <=tion of 
to ci rcult characteristics rLtl^ ? lthin the device due 
ahead change until dfta can S tl !H e f rom the Vitiation of 
without error, is an n L e read Wlth a selected head 

tion, and In is for read 1JHF " Um CS ' ^ for h « s - 
for phase Icc^nchronlzSon^^ Stabili ^ion and ,.S% 

2. Urite-To-Read Recovery Time 

Assuming head selection is stabilized +**-•' 

read gate can be enabled after switch™ ^ tlme . lapss befo ^ 

is 10 jis, minimum. switching the write gate off 

3. Read-To-Urite Recovery Time * "V ° 

minimum -Csee Figures flA ' and afj. S D * 3 ^ Sl 

•■ Beginning-o f - R e=ord Tolerance «ee note, on Figures MA and 

This tolerance must be provided to a n„,, * 

conduions of head skew^™ TotrcuxVmoran'co"''" "*= 

^ This gap „ust be U ri«en with a alttlmm Bf lt bytas of ^ ^ 

5- Read PLO Synchronization 3 

■• Sync Pattern 

begin„ y i„ C g P o a "th r : SdSSVdS'" "'J """""S the 
niniaun Required}! data area (one '<""" bit is the 



3 
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7. Write Driver Turn On 

. lis,"?! 1 .': lii; Eri^jr; ^ s ^° ut °- 8 •» «■ •»• w 

possible splice area! are located". ^ ° rdar t0 kno " 9he " 
» r E nd-of- Racord Tolerance „.. notes Qn F . gures ^ andlHgy - 

' -ritten with a l.t. y dlip!U£2H,2! "* ?'.« ««rd ^ 

S.3.1 Write Format Procedure . : : ^ k 

PROCEDURE 

"" .Sir. t r. d " lr " f -i'-ylinder, volume «H. en ly >, hea^ and " 

3. Search for leading edge of desired sector. 
«W- Detect leading edge of selected sector. 
S. Immediately bring up Write Gate and start siting zeros, 
b. (drite all zeros for head scatter and PLO sync areas -CH7 bytes}. 
?V Write a sync pattern, the address, and the address checkword. 
Sl'byte 1 ^! 5 " 3 f ° r WritS SpUca W and "W sync field 

fSS ^ Sy ." C P; ttBrn ' the da ta field, the two byte data 
field checkword, and the one byte oad Th L!? r , ,_ 
preferably be a worst- case pattern. ** flald sh0uld 

10 * ^re^^rbe^^^ir^s^th-n^ SS^J.?/ W.^ 

a-roisci ng ^•s-xrr.^s a :1s ^F^ - 

. the next sector pulse.* preferable to write zeros to 

.11 • If the next sector of the <:*ma *-».a,-i, *,. *. l. 

the head is nct deseLcc^e^e'Ia a ° nay^x" t^n"" 
t le t ra^ce C 1ap. Cha c "*"»" *•«« -*« ai^cs^ Si 
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E. Write Data Field 



W 

<=»■ 
O 

n 



5-3.2 Control Timing {Figure a A or 38> 

1. Read 

The control line associated with a read command is the Read 
Gate line. 

The leading edge of Read Gate forces the phase locked oscil- " K f 

il£l.J P *S n mE 0n I Ztt # !Iu an - a11 2erOS P attar "' Read Gate also § 
enables the output of the data separator onto the I/O lines 

fl i ock-to-data internal time out. Read Gate must be 2 

r^2 P ?^ " d ra i Sed a ?? ln aftap 9° in 9 through a splice area. ° 

inn .SSM** 5 e 6nabled bD ±tf Clock count * afta ^ the lead- ST 

mg edge of index or sector. ,,,. £L 

The sync pattern search may begin && servo clock counts " - " 

fi 5 he * eadln 9 edge of Read Gate, or after the trailing ? 

edge of Address Mark Pound. - . ur . 0XAin 9 t 

S? ad S ^5 Ch i" 5 artd _ read a «»Plifier stabilization -Csee Figure'' ^f 

i°, r SB> shows the latest acceptable time at which a head ^| 

JS^h 6 ^? 6 1 ? cted v 1 " ord ?r toread the next successive sector 1 

-Cwith the format described in 5.3}. _ : "J 

Data J/0 lines may not have valid data until Vjis from lead- ¥ ~ 

/ " xng ed 9 e of Read Gate, due to phase lock synchronizing time. ^. 

l n t Ur ^ that thBrS wiU be no s Plice area after Read Gate is ^ ° 

orougnt up. ; .3 



c* 



a 

3. 



The control line associated with a Write operation is Write 

The sector address must, always be read and verified prior to '" — 
writing the data field-, except while formatting. " 

Writing the data field must always be preceded by writina c 
the PLO sync field and sync pattern. . :. £[ 

The Controller must provide a three bit internal delay 
{approximately Q..3 us} between the trailing edae of the 
Read Gate signal and the leading edge of the Write Gate 
signal -Csee Figure 3A or SB}. This delay will allow for 
signal propagation tolerances and prevent a possible over- 
lap of the Read and Write Gate in the unit. 

Writing the data field must always be followed bv writina 
the checkword and at least an eight bit pad at tfie end of 
the checkword. 

During formatting, Write Gate is raised immediately upon 

frJirLi" S ?v,° r t* Ct ¥: ^ rins a record "P d ate, Write Gate 
is raised within two bits of the last bit of an address, 
but no closer than 1 bit. aaaress, 
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NOT£« 60 POSITION 

A. DUAL CHAWa UNITS ONLY. 
A. CATBJ ST UNIT SEUCTB3. • 



FIGURE, «U TAB BUS I/O INTERFACE 
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FIGURE 138. NZR DATA AND -READ CLOCK TIMING 
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FIGURE 14A. FIXED SECTOR FORMAT 
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